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Synopsis :

Alloyed steel powders containing Cr have been developed for the production of
heavy-duty structural parts with high wear resistance. KIP 4100V is a low-oxygen
pre-alloyed powder containing 1% Cr-0.7% Mn-0.3% Mo, and provides high
compressibility. Produced by a water-atomizing and vacuum-annealing process, KIP
4100V attains a tensile strength of more than 1100 MPa after carburizing.
Composite-type Cr containing alloyed steel powder, which contains prealloyed 1% Cr
and composite-type alloyed 1% Mo to improve the compressibility of Cr-containing
powders, attains a compressibility of 7.18 MPa, when pressed at 686 MPa, and higher
tensile strength than that of KIP 4100V after bright-quenching at 1420 MPa. The wear
resistance is comparable to that of KIP 4100V, and is more than one hundred times
greater than that of Ni-containing composite-type alloyed steel powder. the sintering
shrinkage of the composite-type Cr-containing alloyed steel powder is suppressed by
transient liquid-phase sintering, and the dimensional change during sintering is very

small.
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Synopsis:

Alloyed steel powders containing Cr have been developed for the
production of heavy-duty structural parts with high wear resistance.
KiIP 4100V is a low-oxygen pre-alloyed powder containing 19%Cr-
0.7%Mn-0.3%Mo, and provides high compressibility. Produced
by a water-atomizing and vacuum-annealing process, KIP 4100V
attains a tensile strength of more than 1100 MPa after carburizing.
Composite-type Cr containing alloyed steel powder, which contains
preajloyed 1%Cr and composite-type alloyed 1% Mo to improve the
compressibility of Cr-containing powders, attains a compressibility
of 7.18 MPa, when pressed at 686 MPa, and higher tensile strength
than that of KIP 4100V after bright-quenching at 1420 MPa,
The wear resistance is comparable to that of KIP 4100V, and is
more than one hundred times greater than that of Ni-containing
compesite-type alloyed steel powder, The sintering shrinkage of
the composite-type Cr-containing alloved steel powder is suppressed
by transient liquid-phase sintering, and the dimensional change

during sintering is very small.
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Fig. 1 Effect of C and O contents on ideal eritical diameter
D, of Cr containing powder-forged steels

Cr 34 &8k, ERtRMRForiiycETss» 0, C
BIONEOE®RE S THALETS, —F, Crit, Mok Lo¥
Mo iz LW THEET AER Fd ZmFEL LT, Mn & &4 &M
Mk Buvbhtws, Fig. 1w Cr RESMHOBER LR
Bk b AT L XU LRSS ol AR AR TEEE
REZ D -t WTFhoRFECIEIERAERIBREROE
FEEdmmLBEARERE LT 0T, BEEAD Cr RHRE
RBEEEAAEOFR LA LBEEOMEALEL & L2055,
Jie gk v, MMECABELLR Y I X-HEERTETO, C
3 T ON AYE S B & & d g AhisicEhi Cr Lo
TH#ACHITLTV5Y,

3 CrRFEEEBOBRRFER AN OHKY

Cr RAM M BRI O A BIRAE E N CHV- bR Z b
Fun, Cr @ERRAT T (B L LB A2, BRE
BHoFMARLEETH D, AFREREICRE= 40 ¥ -
DRMTRROKBRR T ACE LT, BERS ADERIEINL >
Y, ARTR2EECRBFAKL 3 KEC R RF HATH
L, BEAE, BVERMS &R0 BIIMRE L olfErE~N D,

3.1 RRAE

KIP 4100 V 8% (19 Cr-0.79% Mo-0.3% Mo) » O, C 43 128
NELEED # A% THE & kLT Table 1 g, e
0.15% B E 1% x5 7V vEEH L ES LT, 68 MPa o
S CHR%, 75% He-25% N % L 0% 90% No-109 H, 278 &b

Table 1 C, O and N contents of KIP 4100V (%)

O C N
KIP 4100V 0.10 0.02 0.001
KIP 4100 0,58 0.05 0.006
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Fig. 2 Compressibility of KIP 4100V
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Table 2 Tensile strength and absorved energy of the sintered, carburized and tempered compacts

Compacting and sintering condition Carbon potentioal Tensile strength Absorbed energy

Graphite addition Compacting pressure Sintering (%) (MTa) (@)
(%) (MPa) atmosphere

0.15 686 75%H. 0.7 1100 8

—~ 259N 0-9 1090 ;

1.1 990 6

0.15 686 109 H, 0.7 1180 8

909N, 0.9 1160 7

1.1 970 7
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Table 3 Core hardness of the sintered, carburized and tem-
pered compacts {compacted with 0.15% graphite at
686 MPa and sintered in 75% Hz-25% Na)

Carbon potentioal Core hardness
(%) (HRC)
0.7 27
0.9 z8
1.1 30
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Fig. 3 Alloying methods for steel powders
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Fig. 4 Compressibility of Cr prealloyed powders
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Table 4 Chemical compositions and alloying methods of the
studied powders

(%)

Cu Alloying method

Powder | Cr | Mo | Mn | Ni

Modified composite-type al-
leying (Cr prealloying and
Mo compsite-type alloying)

A 11| —1—=]—=

B 1[0.3|0.7]| | — | Prealloying

C — 1 0, Composite-type
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Fig. 5 Compressibility of 1%Cr-1%Mo modified composite-
type alloyed steel powder
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Fig. 6 Relationship between the graphite addition and tensile
strength with and without bright-quenching and tem-
pering
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Fig. 7 Relationship between the graphite addition and ab-
sobed energy with and without bright-quenching and
tempering

Table 5 Green density, sintered density, oxygen content of the
original powders, and carbon content of the sintered
compacts (compacted at 686 MPa with 0.6% graphite)

. O content | C content
Green Sintered :
Powder density density ;«f\a\:g;— O(fosl’:]npt:;f d
(Mg/m?) | (Mg/m® (%) (%)
A (1% Cr-1% Mo) 7.05 7.06 0.10 0.47
B (1% Cr-0.3%
oMo—O.’r' R/In) 6.94 7.02 0.16 0.40

Phote 1 Photomicrograph of the compact of powder A sinter-
ed at 1523K with 0.6% graphite and bright.
quenched and tempered

B I piE\ 70, EREHOMHEBFC LD CEE L, A&
IR CEVEEERCET p B i, JEEE AN - BEEL
¥ UM O Photo 1 mRt X 5z, 4% — A= FLEK
SEMEE R T TACEBROS ZARTH I, BIHXRE
FOEEMN LI ThOARL v A7 v A4 P TENE(E -1
BTH-710

=0 I3 ARS TSRS, FNCHE Y B XU —TeBER
e Ly, F-BRminkciliB L omviERE L, RED
HEBI =5 L ¥—2Ebnsb0EFLbA DS,

43,2 WESSWNOEREE ALMORE
ﬁﬁ%?kh-ﬁ%%ELHQ%%@§&EE&M1$»¥—u

— 30 —



mEiEt B O REGRADORYE

283

Table 6 Mechanical properties of sintered, carburized and
tempered compacts

Tensile strength | Absobed energy
Powder (MPa) R
A(19% Cr-19% Mo} 1120 9.4
B(19% Cr-0.3% Mo-0.7% Mn) 1100 7.6

Table 8 Dimensional change of sintered compacts

Table 7 Fatigue properties of sintered, carburized and tem-
pered compacts

. Fatigue endurance
Sintered | Surface B
Powder density | hardness T lu_n't MPa)
(Mg/m®) | (HRC) | K278 [ Contact
A (1% Cr-1% Moy | 7.15 36 440 2370
B(l;ﬁﬁa—g%ﬁyﬁf'{n) 7.11 48 410 2260
10¢ r .
-4—0—0—0—C
k:
E 10t} 4
L&}
E
=
g
§ 1072 A u
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103 ! L 1
0 5 1 15 20

Distance {km)

Fig. 8 Abrasive wear resistance of sintered, carburized and

tempered compacts of powders A, B andC
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(%} change (%)
A {19 Cr-1% Mo} | Modified 0 08 0.02
composite-type : ’
A (19 Cr-1% Mo) | Mixing 0.09 0.05
B (1% Cr-0.3% . B
Mo-0.7% Mn) Prealloying 0.52 0.03
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Photo 2 Photomierograph of compacts made from powder A with 0.6% graphite quenched from 1423K({a) and
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Fig. 9 Microbeam X-ray diffraction patterns of the white
phase shown in Photo 2(a) and of the white and black
areas shown in Photo 2(b)
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